The ATLAS Planar Pixel Sensor R&D Project is a collaboration of 17 institutes and more than 80 scientists. Their goal is to explore the operation of planar pixel sensors for the tracker upgrade at the High Luminosity-Large Hadron Collider (HL-LHC). This work will give a summary of the achievements on radiation studies with n-in-n and n-in-p pixel sensors, bump-bonded to ATLAS FE-I3 and FE-I4 readout chips. The summary includes results from tests with radioactive sources and tracking efficiencies extracted from test beam measurements. Analysis results of 2 · 10 16 n eq cm −2 and 1 · 10 16 n eq cm −2 (1 MeV neutron equivalent) irradiated n-in-n and n-in-p modules confirm the operation of planar pixel sensors for future applications.
Introduction

1
The current ATLAS Pixel Detector was built to en-2 able track reconstruction up to a LHC peak luminosity of 3 
10
34 cm −2 s −1 [1] . Ongoing upgrade efforts of the LHC will 4 result in an increased peak luminosity of 10 35 cm −2 s −1 . This 5 will make it necessary to enhance the existing sensor technolo-6 gies in terms of radiation hardness and occupancy.
7
The current ATLAS Pixel Detector was developed on a planar 8 silicon technology. To benefit from this knowledge the ATLAS 
N-in-p pixel sensor
71
Two types of n-in-p pixel sensors produced in Japan and
72
Germany have been irradiated and tested with radioactive Figure 2: Most probable charge collection for single pixel cluster of two 2 · 10 15 n eq cm −2 irradiated modules as a function of the bias voltage with a threshold tuning of 1.6 ke − . SCC 95 is fabricated with a polysilicon resistor and common p-stop while SCC 96 uses punch-through dots and individual p-stop [13] . 6.5 ke − shows that these samples are promising candidates for 92 higher fluences [13] . 
